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DURING FLIGHT TESTS OF ROCKET-PROPELLED MODELS N MACE

NUMEERS FRoM 0.8 TO 1.95

BY -y A. Wallskog

Flutter data were obtained over the Mach number range from O.8
to 1.95 frm free-f13ght tests of several wing-lxxiycmubinations which
were part of a general.zero-Uft drag investigation. All of the wings
tested W NAW 65(06 )A003 Stremse airfoil sections and the plan-form

variations consisted of delta wings with aspect ratios of 3 and 4, dia-
mond wings with aspect ratios of 2.3 and 3, and an arrow wing with aspect .
ratio of 3.2. Time histories of model speed, Mach number, and air den-
sity are presented for each model along with flutter fregj=ncyj q?U-
tude, and reduced-frequencyparsmeter plotted as functions of model speed.

The results show that pointed-tip wings of high overall titatic
strength may possess poor flutter characteristics. It is believed that
the present results were significantly affected by the methd of con-
struction used (that is, the effects of distribution of material in lam-
inated wood-metal.constmction). A correlation of the present results
and other availabb triangular-wing flutter data was made and compared
tiththe flutter boundary develowdbylkrtin inlJACARML51J30. AIkhough
inefficient’data were available to establish a boundary for all poiqted-
tip wings; it is believed that these datamsy be useful to a designer in
comparin& his design to others which did or &Cd not experience flutter.

INTRODUCTION

Tests of thin delta-, diamond-, and arrow-plan-formWiDgs.have illus-
trated the low zero-lift drag characteristics desirable for tr&onic and “
supersonic flight. Current developments in delta-wing-airplme and mis-
sile configurationshave sthulated interest in flutter information for
such pkn-form -S. The flutter data contained herein were obtained

. ——. -...— -. —— — —.-—— . ..— .
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from models which were part of a general zero-lift drag tivestigation
1

(ref. 1) W were @tended to provide high Reynolds number zero-lift.drag
coefficients of thin wings (NACA 65(.6 )AO03 ai#foil section) of various J

plan fo?mls. Since flutter was not anticipated in this progrsm, the
instrumentationused to de%ermlne the frequency and approximate amplitude
of the vilxation was Limited to a nomal accelerometer located within the
fuselage of each model. These rocket-propdled models were designed end
fabricated by methods proved previously to give high overall static
strength. ,

It is be~eved that, on the basis of the cmparison made using the
criterion developed by Martin in reference 2, the data presented herein
will be of interest and may serve in some capacity as a guide in future
design work. These data also supplement existing experhental. information
and may prove useful when theoretical techniques are perfected..
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total wing
trailing

SYMEOLS

area obtained by extending the leading and
edges to the body center line, sq ft

body frental.area,.sq ft

aspect ratio of total wing

mean aerodynamic chord, ft

model airspeed, ft/sec

Mach nuniber

free-stream air density, slugs/cu ft

111/sqin.

ratio of local atmospheric pressure to sea-level standaxd
pressure

wing taper ratio

aspect ratio of one exposed wing panel i,>
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streamwise wing chord at 50 percent of exposed span outboard
on the exposed whg pmel, in.

maximum airfoil thiclmess at c, in.

effective shear modulus

(JG)wood + (JQ&a,l
Js

>

of wing structure calculated from

lb/sq in.

4section torsional constsmt, appromtely 4~~ofi, in.

section moment of inertia, approxbuately O.0377ct3, in.4

measured flutter frequency, cycl.es/sec

measured fltiter frequency, radians/see

est*ted smplitude of model vibration in nonnsl acceleration,
g units * from trim

reduced-frequencyparameter, UE/2v

MODEGS AND TESTS

Drawings of the five rocket-propelledmodels are presented in fig-
ure 1 which illustrates their general arrangement aud dimensional details.
Photographs of the models appear in figwe 2. The fuselage shape (common
to adl mcdels) was generated by parabolic se~nts having their vertices
at @ percent of the fuselage length. The fuselage ordinates for mode~ 1
to 4“are presented in table I. The fuselage of mcdel 5 was one-half scale
of those used for models 1 to 4. The five wing plan fores tested are as
fOllows:

140del

1
2
3

L 4
5

Plan fOm

52.5° delta
45° delta
Diamond

J_-x!?

Aspect ratio,
A

3.07
4.0
2.31

The 50-percent-chordline of each diamond w5ng had 0° sweepback and the
leading edge of the arrow wing was swept 55°. For each wing the airfoil

. — — —.——.—. —. ..__. _ _. .. .. -----
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~

section in the streamwise direction was an NACA 65(06) AO03 airfoil sec-

tion. Airfoil ordinates are presented in table II. Weight, balance,
smd other perthent data are listed in table III for each model.

G

Presented in figure 3 are drawings which show details of w@g mate-
rial and construction. In the fabdication of the wings, urea-fomaldebyde
glue was used for all wood joints and l/32-inch-thickbirch veneer was
cyclewelded to both sides of each metal insert prior to assembly. Mate-
rial used in the wing construction consisted of laminated mahogany with
inserts and inlays of 202kIT3 aluminumalloy (formerly designated 2M-T3).
As illustrated by the magnitudes of the design ultimate loads presented
in table III, t~s method of construction provtded wings of high overall
static strength.

Two-stage propulsion systems consisting of solid-fuel rocket motors
were used to propel modeb 1, 2, 4, and 5 to supersonic speeds amd aJ.ti-
tudes up to 20,000 feet. The propulsion system of mdel 3 consisted of
an internal rocket motor only. With the exception of model 1, all models
were launched and flew initiblly at elevation angles of 60°. Model 1 was
launched at 60°, but the flight-path sngle decreased rapidly producing a
rather shsdlow flight path. [~ altitude was about 1,~ feet.)

Time histories of model velocity and altitude were obtained from
a CW Doppler radar unit and au NACA modified S(2R584 tracking radar unit.
Radiosonde units provided additional information necessary to determine .

Mach nmbers and air density. M addition, each model was equipped with
a telemeter which transmitted conttiuous measurementts frcm instruments
located within the fuselage. The only telemeter data utilized in the
present paper were that from the noxmal accelerometer which was located
h the fuselage of each model near the center of gravity.

The telemeter record obtained during the flight test of each model
showed a high-frequency oscfition present on the trace of nomal accel-
eration fran the accelercdneterh the fusekge over a considerable portion
of the record. Previous tests with models which were instrumented for
wing flutter and which contained a normal accelerometer within the fuse-
@e have indicated that h almost all cases the accelerometer (and

ter) was capable of recordiug the flutter oscillation.recorder galvanome
For this reason, and because the Wtrwnented bodies of the present type
have been flown with various wings which did not encounter this type of
vibration (ref. 1), the oscillations recorded during the present tests
are attributed to wing flutter. The flutter oscillation appxrs on the
recofi at the coriect frequency but generalJy at reduced amplitudes. The
actual amplitudes were calculated frcm recorded amplitudes for each model
using the natural frequency and damping ratio of the individual tistru-
ments and galvanometers and standard response curves for linearly damped ./
systems. The resulting calctited amplitudes are not particuhrly accu-
rate because of the uncertainty in the damping ratios of the accelerometers

.
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and galvanometers and because the flutter osciU_ation ik not always
sinusoidal but sometimes contains harmonics. The presence of harmonics

v in the flutter oscillation would cause the calculated amplitudes to be
low.

Presented in figure k andotable IV sre the results of tests conducted
to detemine the natural frequencfes of vibration of the wings. The fre-
quency and approximate node pattern for several natural.modes are pre-
sented for models 2, 4, and 5. These data we- obtained with each ccm-
plete model suspended in loops of elastic cord and.an electromagnetic
shsker attached to the fuselage near the model center of gravi~. Only
the frequency of the first natural mode was obtained for modeb 1 and 3.

RESULTS AND DISCUSSION

As illustrated in figure 5 flutter began at macbnum speed for

models 1 @ j ~d continued until the models decelerated‘totransonic
speeds. Thus, for models 1 and 3 it appears that the relatively high
longitudinal acceleration delayed the onset of flutter. Ik&L from
models 2, 4, and 5, however, showed that flutter began during the accel-
erating portion of the flight tests at transonic speeds and conttiued
through maximum speed and until the models decelerated to high subsonic
speeds. Wing failure did not occur during any of the present tests, and
the nmdels flew without incident at subsonic speeds after the flutter
stop~d.

Presented in figure 6 are val.tisof flutter frequncy f, ampli-

tude a, and reduced-frequencyparsmeter k = ~ for each model plotted

as functions of model s-peed. For the 52.5° delta wing of model 1, there
were no abrupt changes in f, a, or k throughout the speed range. The
data from model 2, the 45° delta wing, showed that f and k varied
smoothly through the speed range, whereas abrupt changes occurredin
amp~tude. For model 3, the lower aspect-ratio diamond wing, there were
small irregularities in frequency, but both k and a were relatively
mooth during the decelerating portion of the fllght. The flutter data
from model 4 were more irregular throughout tbe speed range. A rather
abrupt change in frequency shortly after maximum speed indicated a change
in flutter mode. Another change in f, smaller but more abrupt, occurred
at V L=1,400. !L!hesetwo changes in f occurred near the third and
second natursl modes, respectively. There were marked changes b the
amplitude of the model oscillation throughout the speed rsmge. The
values of f and k from model 5 varied smoothly over the sped range.
The amp~tude of the model osci,lJ&ion is shown for decelerating flight
only because of the Large irregularitieswhich occurred during the

. . .
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.
accelerating portion. The amplitudes of the model oscillations presented
for models 1, 3, d the low-speed part of model 4 are probably low
because of the presence of harmonics. b

In 1951, Martin (ref. 2) developed a criterion in which sigmLficant
~ters ~re grouped fi - attempt to establish limits of the critical
values of the structural and aerodynamic requirements for a wing to be
flutter-free. Tbis criterion was based on modifications to an approximate
flutter fonnti which was intended for heavy high-aspect-ratio”wings
having a low ratio of bending to torsional frequency. The ~ge quantity
of data correlated in reference 2 showed that two regions can be defined
in which the flutter and no-flutter test points are reasonably well sepa-
rated. By using these data, Martin was able to establish a flutter
boundsq for unswept and swept wings with finite tip chords and bending-
torsion-t~ flutter. The application of modifications to this formula
to include low-aspct-ratio wings including swept and highly tapered
wings was, admittedly, stretching the basic formula; however, the param-
eters w&e adjusted umtil there seemed to be a reasonable coherence in
the results.

The test points contained in figure ~ represent delta-, dismond-,
and arrow-plan-formwings correbted by using the ssme criterion developed

by Martin. & figure 7 the ordinate Z represents a plan-form thickness
and alti%ude psrameter and the abscissa ~ is the effective torsional

shear modulus of the wing structure. The value of ~ in the present *

()
p h + 1 X in reference 2.paper is equivalent to — — The experimental.
P. 2

data of figure 7 were obtained from tests conducted in wind tunnels
(refs. 3 and 4) and free-flight rocket-pro@led model tests (refs. 5
sad 6). Mo@els 1 to 5 of the present paper correspond to test points 1
to 5, respectively, in figure ~. For each wing the value of ~ was

calculated at a stresmwise section 50 percent outboard on the exposed
wing panel. For the wings which were laminated of wood and metal.,the
calculated value of ~ is by necessity a overall, average value. An

additional factor which injects a degree of uncertainty in the results
is the value of thickness ratio to use for the wings of reference 3.
These tests utilized solid metal.wings which were flat plates with bev-
eled leading and trailing edges. For-these test points, the values
of GE were known and the value of X was determined by using the

thickness ratio at the x-percent outboard station on the exposed wing
panel.

In figure 7 the points
built-up structures of wood
size smd shape of the metal

la%eled 1 to 7 represent wings which were
and metal, with considerable variation in the ~
portions. 13ecauseof this, the stiffness of

~
“
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the wings varied widely both chordwise and spantise, and resulted gen.
erally in wings with relatively weak fletible-tip and trailing-edge
portions●

‘l?hesolid points labeled 6 in figure 7 illustrate the effect that
weak, flexible portions of the wing have on the flutter characteristics
of a partic- plan form. The two wings corresponding to the two points
were identical in size and shape. The difference in the wings of the .
two tests was that the inbo~, forward portion of one wing (the point
on the right) was made substantially stiffer by the use of steel upper
and lower surface inlays. A considerable portion of the tip and trailing
edge, however, was left very flexible. The results of the,setests showed
that, despite the increase in the overaU stiffness of the second wing,
the two wings fluttered over approxhnatel.ythe same sped r’ange.

Another illustration in figure 7 of the effect of discontinuities
in stiffness over the wing is the comparison of the solid test point
bbeled 7 and the open point adjacent to it. The dezta wing which expe-
rienced flutter was constructed of laminated wood with a single, thin,
metal insert which was approximately the size and shape of the control
surface. Because the control surface was deflected a small amount, the
inboard end was not secured to the fuselage, thus leaving the entire

. trailing edge extremely fl.efible. The wing that did not flutter had a
larger v&lue of t/c, a comparatively thick trailing-edge nietalinsert,
and, in addition, metal upper and lower surface inlays. Thus, it appears

.
that the marked difference in @zKling-edge flexibility may have been the
reason for the different test results.

From the previously mentioned considerations, it is be~eved that,
although the weak, flexible wing tip and tra~g-edge portions had very
little influence b the calculation of ~, they had a pronounced effect

on flutter characteristics. It appears from the results of the two models
labeled 6 and the one ‘labeled7 that dl the points representing models 1
to 7 should appear in figure 7 at somewhat lower values of ~ depending

on the degree and extent of the weak, flexible portions. Therefore, the
boundary’of reference 2 appears to be conservative for pointed-tip wings
of fairl.yuniform structural characteristics. The open points which lie
above the boundary represent wings of more uniform construction smd pro-
vide additional evidence that the boundary is conservative. Unfortu-
nately, as a result of insufficient data it was impossible to establish
a boundary as unique as in reference 2; however, the faCt that the bOund-

. ary of reference 2 appears conservative would make it useful for most
engineering purposes. In general, the results show that pointed-tip wings
of high overall static strength may possess poor flutter characteristics.

.,. - . ...-_ ._ _. .__. .—.. . .——. -—. -- .—.. ..—
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CONCLUDING REMARKS

Flutter was experienced by several wing-body combinations which were
tested in free f13@t over the Mach number range fmm 0.8 to 1.95 as part
of a general zero-lift drag investigation. The five wings tested were
delta wings with aspect ratios of 3 * 4, diamond wings with aspect
ratios of 2.3 and 3, and an arrow wing with an aspect ratio of 3.2, sJ3.
with NACA 65(06)A003 streamwise airfoil sections.

The results show that pointed-tip wings of high overall static
strength may possess poor flutter characteristics. It a~ears that the
results from the present test configurationsmay have been caused by or
at least influenced by the presence of relatively weak wing-tip and
trailing-edge portions.

Iangley Aeronautical Laboratory,
National Adtisory Cmmittee for Aeronautics,

-Y_=eti, Vs., Jaznw’y 1+ 1955.
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TABLE I

l?USIUQll ORDIU!WIYEFOR MODELS 1 TO 4

Mdd distance
measured frcm Radius,
nose ~oint, in.

in.

o 0
1.0 .247
2.0 .490

.728
;:: 1’.19o
7.0 1.632

10.0 2.259
I_6.o 3.385
22.0 4.336
28.0 5.115
34.0 “ 5.721
40.0 6.u4
46.0 6.414
52.0 6.500
58.0 6.481_
64.0 6.423
70.0 6.325
76.0 6.190
82.0 6.oI.6
88.0 5.8Q3
94.0 5.552

100.0 5.262
106.0 4*933
3Z?.O 4.565
U8. O 4.159
124.O 3.714
130.0 3.230

—.— — .— —
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TABLE II

~cA 65(06 )AO03 mm OJWUWU=

Station,
percent chord

o
.5
● 75

1.25

;::
7.5

10
15
20

;:
35
40
45
50
55
60
65
70
75
80
85
90
95

100

Ordinate,
percent chord

o
.2320
.2815
.3590
.4905
.6565
.7955
.9120

1.0970
1.2370
1.3435
1.4210
1.4725
1.4980
1.4960
I.4625
I.3965
1.Xlo
1.182Q
1.0435
.88~
.71.85

L.E. radius: 0.0573
T.E. radius: 0.0035
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mm?r, BALmm, mFrm, mEmmJRAL

lmAmRm Rcuml!—PFoPmum mlKe-rIm3ErMamIs

ml

52.;6delta 4&2&lh ~ ?i= 2.=) A(A =3) exruw~k. 5.2)

M Uem, u
!atim,xl. . . . . . . . . . . . . . 427.5 422.2 *.2 34t:;
. . . . . . . . . . . . . . . . . 3W.3 ~.o 2W.5

/

l?:

!+Ylwlu9ding,lh#
~th~. . . . . . . . . . . . . . 14.2 14.0 22.9 22.8 21.3
. . . . . . . . . . . . . . . . . log 10.8 16.5 1603 18.2

-T of .gati+gfrwimea, In.

Witiruel. . . . . . . . . . . . . . TL8 66.7
%2

7’2.8 38.3
m . . . . . . . . . . . . ..-. 70.6 65,1 V-5 38,0

Mamnt d -h, ~, slug-+
Hithml. . . . . . . . . . . . . . ----- 93A -----
. . . . . . . . . . . . . . . . . &

-.---
&.1 65.3 % 3.2

C!el.culaM_ ofm eqoad
\

*WJ4 D . ...*.... . . 55.6 s2.3 12.2 L8.6 2.*

hE*ult- M d *
h~, l+@.. ’...... . 8m 6151 w 17@ 930

2eot10neffectlv5 uhffxwss

w-=e~r, E@, D@ . . . . . . 3.s 3.5 2.1 3.7 1.1
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TABLEIN

FREQUENCIES OF VIEIATION OBTAINED FROM PREFLIGHT
,

SHAKETIKYJ?SFOR MODELS 1 TO 5

Mode

First

second

Third

Fourth

Fifth

Sixth

Frequency, cps

Model 1 Model 2

T
--148

-- 80

-- 123

-- 144

Model 3

70

--

--

--

--

--

Model 4

52

87

1*

152

172

186

Model 5

51

142

2J_8

---

---

---
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~ 13.00max. dlam.

L> S& L

6.46dicm

21.10 +-[

5“’21 ro’75~’-’j
t

Sec. A-A

(a):&bs~nd1detai16 of fuael.age and stabilizing fin.. SaJIE for

. DWnaionB of rkdel ~ are one-haM scale of tho6e

shown .

- l.- General maw-ngement of rocket-propelled waelB. All cMmeD-
13ionE are in inchee.
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(b)

..—

t-

40.23—

/

/

3-50rad

‘52.50°
5798

1~ -— —— ——. — , L-\~.

‘ACA ‘5(06)
AO03 section

parallel to free stream

S=30.26 sq ft

s~/s =0.0304
~=50.37in.

\
,

Model I

66.18

_/ 7

.00 ra

66.18

45.00°

~“

4.9 I

y’ . .—-—. /L-
‘\ ‘

NACA 65 ~oG)A003 section

paraliel to free stream
S= 30.26 sq ft Modei 2
s/s= o.0304
E=44.i2in.

Dimensional

15

details of the delta-wing configurations, models 1 and 2.

l%@re 1.- Continued.
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NACA 65(OG)AO03 section

parallel to free stream
‘3=15.13 Sq ft

Sb/S=0.0609

C= 41.06”in.

Model 3

r-l
53.43~

26.72

-IA
#.

33.0 “
3.00rad

~

60.19

— --JL -----\\

NACA 65 ~oG1A003 section

paral Iel to free stream
S=15.13 Sq ft

!%/S =0.0609
Y

~=35.62in.

.

.

,-

7
4!.00

1“~-
1

Model 4

Dimensional details of the d.iamond-~ configurations,models 3 and 4. .

Figure 1.- Continued.
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t

I

—3L15-

‘23,27-c-

1 i

‘55,00”

~

10.03° 18.5$1

,/
/ /

—— — — — ,L\ \
\ \

NACA 65
(o@ A003 s~ction

parallel to free stream

S= 3,00 Sq ft

Sb/S=0.0768
.“’’”!

9

C =15.51 in,

(d) IMnmnsional details of the arrow-wing configuration, mdel 5.

Figure 1.- co~l@~.



. -. . ..— .

NACA RM L55A.14

.

I

“Ar
1

I

I

I

I

I

,

I

“---C

L-
Model 1. IP75320.1

I
I

Model 3.

(a) Models 1 and 3.

Hgure 2.- Photographs of the rocket-propelledmode~.
.
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Figure 2.- concluded. G
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Model I illustrated, similar
construction for models 2 and 4

—.

Direction

Mahogany

leading edge ~

.—

IwK!Ilm L55A14

,-

—. -—.—.—- — -—-—- .

.

0.051 (Alclad surface inlay)

T

1-lo-
3-10-+
4

–Trailing-edge

insert

- Mahogany
trailing edge

—-—

--—

.

.

~0.064 (Alclad

trailing-edge insert)

Typical streamwise section, not to scale

(a) Models 1, 2, and 4.

I?igure 3.- Details of wing construction and.materials. All dimensions
are in inches.

.
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.
Outline of upper and “
lower surface inlays

7

.,

in

Mahogan

leading ed

dge

—..
—
,

—-—— — ——— —-———-——

v

4$ ,

6Z
8

Model 3

I

~ 0.032 (Alclad surface inlay)

~0.064 (A[~lad

trailing- edge insert)

Typical streamwise section,nat to scale

Laminated mahogany with Model 5
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